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§l. Introduction
Neutron scattering is a powerful method to probe the dynamics of magnetic
moments in intermediate-valence (IV) compounds. Experimental results1) show
that the dynamical magnetic susceptibility is nearly independent of the wave
number and is of the form X(w) = X(O)fM(-iw_+ fM)-l. In intermetallic IV com-
pounds such as CePd3, CeSn3, YbCuZSiZ' YbCuAl and so on the magnetic relaxation
rate fM(T) hardly depends on temperature T and is very large (~10 meV). We
have already explained these features theoretically in the high temperature
regimeZ).
In these intermetallic compounds, resistivity decreases with decreasing
temperatures below T ~ 100 K in accordance with the metallic ground statel ). On
the other hand, resistivity in TmSe shows a rapid increase with decreasing tem-
peratures below T ~ 100 K3). Thus the ground state of TmSe is not metallic.
The fM(T) in TmSe does not depend on T above T > 100 K as in intermetallic com-
pounds but becomes proportional to T below T < 100 Kl). A natural question
which arises here is the following: How does fM(T) in Sm compounds, for example,
behave as a function of temperature where the ground state is not metallic ?
Examples are SmS under pressure (>6.5kbar) and 5mB6 where resistivity increases
with decreasing temperatures below T ~ 50 Kl). Neutron scattering for Sm com-
pounds has not yet been performed because a large capture cross section of Sm
makes the experiment very difficult.
The purpose of our theoretical study is to elucidate whether the metallic
ground state has some relevance to the constancy of fM(T). In other words, we
want to settle the question whether TmSe is an exception concerning the behavior
fM(T) ~ kBT at low temperatures. We have combined the Brillouin-Wigner perturba-
tion theory and the renormalization-group treatment to solve the problem.
§Z. Model and a Renormalization-Group Analysis
In the first step we simplify the actual 4f configurations to those with-
out orbital degeneracies. This model cannot deal with IV Tm compounds where
both TmZ+ and Tm3+ have non-zero magnetic moments, but can simulate other IV
compounds which have singlet in one of two valencies. Our aim here is to study
whether the single-orbital model can lead to a non-singlet ground state in the
IV regime. If the ground state is not a singlet, the relaxation at low tempera-
tures should be of Korringa type, i.e., fM(T) ex: T. If, on the other hand, the
ground state is always a singlet, the observed behavior fM(T) ~ kBT in TmSe
should be ascribed to the special feature of IV Tm ions with non-zero magnetic
moments.
In 5mB6' for example, the conduction electron is supplied by the valence
fluctuation alone and the attraction due to the resultant 4f hole may be impor-
tant. We account d)0r this feature by adding the potential scattering term to
the Anderson model with U= 00. In addition, there is a ferromagnetic direct s-f
exchangeS) which may even be stronger than the virtual s-f exchange induced by
hybridization. We neglect the inter-site interaction of 4f electrons and write
the model as
-+ -+
H = HAnderson + (nc- < nc» (G ~ Xaa - I XOO ) - J sf.sc '
where nc and s are charge and spin of the conduction electron at the impurity
si te and Xa.S = fa.><S I deals with 4f configurations 10>, It> and 1+>. G, I and J
are positive constants.
If the 4f energy level £f is sufficiently below the Fermi level to satisfy
J > ZVZ/ I£f I where V is the s-f hybridization energy, we have a localized spin
~nd the ground state is a doublet. It is clear that the ground state is a
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singlet when Ef -+ 00. Thus our task is to examine whether it is possible to have
a doublet-singlet crossover in the IV regime.
We have compared the ground state energies of the singlet and the doublet
using the Bri11ouin-Wigner perturbation theory and the cut-off scaling tech-
nique6). The ground state energy E of the singlet is determined by the equation
E
(2)
where Pc is the density of states of the conduction band and a is a numerical
constant of the order of unity. Equation (2) reproduces the results by Keiter=
Kimball7), Inagaki8), Ramakrishnan9) and others if we put G= I = J = O. For the
doublet we should replace 2v2pc by V2pc. In addition to the self-energy in (2)
we have other self-energies from potential and exchange scatterings. They are
insensitive to the energy E and irrelevant to the infrared effects we are inter-
ested in. It is found from (2) that the potential scattering enormously stabi-
lizes the singlet, overwhelming the opposing action by J. Thus we have seen
that the ground state of the model (1) is always the singlet in the IV regime.
The difference 2V2pc and v2pc comes from the number of available inter-
mediate states in one process of valence fluctuation. We have generalized the
model (1) to account for the Tffi ions, and have found that the octet originating
from Tm2+ is the ground state. The octet, however, is a mixture of bare Tm2+
and Tm3+ configurations and has an IV. In contrast to the singlet, the octet
must obey the Korringa relaxation process at low temperatures.
§3. Discussion
Our theoretical consequence is that the Korringa-type relaxation observed
in TmSe should be ascribed to the special situation of the IV Tm ion and cannot
be expected in IV Sm compounds. On the contrary, rM(T) in IV Sm compounds, if
measured, may increase with decreasing temperatures because of the potential
scattering or the excitonic effects.
Finally we discuss the reason why the proportionality constant C in
rM(T) = CkB T of TmSe is nearly unity. To deal with the problem quantita~ive1y
we must set up a transport equation for 4f "statistical quasi-partic1es,,7) With-
out going into details we summarize the result qualitatively: In the Korringa relax-
ation process the octet has intermediate states originating from Tm3+. The
intermidiate states are almost resonant, which means that the scattering of a
conduction electron is near the unitarity limit. Thus we have the proportion-
ality constant of the order of unity. Quantitative details will be published
soon.
References
1) Many papers in Valence Fluctuations in Solids (L. M. Fa1icov et a1. eds.,
North-Holland, 1981).
2) Y. Kuramoto and E. Muller-Hartmann: Ref. 1, p. 139.
3) B. Bat10gg et a1.: Phys. Rev. B19, 247(1979).
4) P. W. Anderson: Phys. Rev. 124, 41(1961).
5) T. Kasuya: in Magnetism lIB (G. T. Rado and H. Suh1 eds., Academic Press
1966) p. 215.
6) P. W. Anderson: J. Phys. C3, 2436(1970).
7) H. Keiter and J. C. Kimball: Int. J. Magn. 1, 233(1971).
8) S. Inagaki: Prog. Theor. Phys. 62, 1441(1979).
9) T. V. Ramakrishnan: Ref. 1, p. 13.
93
